Hybrid Based Substrate Modeling of MOSFET: A Review by Dua, Charu et al.
 
 
 
 
1 Page 1-5 © MAT Journals 2016. All Rights Reserved 
 
Journal of Power Electronics and Devices  
Volume 2 Issue 2  
Hybrid Based Substrate Modeling of MOSFET: A Review
 
Charu Dua
1
, Jyoti Sehgal
1
, Rajiv Sharma
2 
1
Department of ECE, Vaish College of Engineering, Rohtak, Haryana 
2
Department of ECE, Northern India Engineering College, New Delhi, India 
E-mail: ccharudua@gmail.com, legendjyoti@gmail.com, rsap70@rediffmail.com
Abstract 
A comparative study of different substrate materials has been done. In this paper, we have 
focused on the SiGe MOSFET and Hybrid MOSFET. The extraordinary characteristics of 
both MOSFETs make them a promising candidate for applications in MOS transistors. The 
effect of wide range of temperature has also been studied for different substrate materials. 
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INTRODUCTION 
Metal compound semiconductor field 
result semiconductor could be a form of 
transistor that consists of semiconducting 
material substrate and having four active 
regions outlined as gate, source, drain and 
bulk terminal and is employed for 
amplifying or switch electronic signals. 
Semiconducting material primarily based 
electronics devices dominate the ninety 
fifth of the worldwide semiconductor 
market. Scaling of MOSFET is completed 
to realize higher and improved 
performance. But the downscaling of 
MOSFET gives many short channel and 
quantum mechanical effects and it 
becomes a big challenge in the 
semiconductor industry to overcome these 
effects [1]. As per the predictions of 
International Technology Roadmap of 
Semiconductors (ITRS), there is a strong 
need for the replacement of the silicon as a 
substrate material in a nanoscale 
MOSFET. Germanium, SiGe, III-V 
materials or Graphene can be used as a 
possible replacement to silicon. The 
mobility in conventional silicon 
MOSFETs, is seriously affected by the 
vertical and horizontal electric fields. The 
drain current is reduced by the reduction 
in the carrier mobility and also reduces the 
speed of the transistor.  Hence, the main 
benefit of using these alternate materials is 
to increase the carrier mobility in a 
MOSFET [2]. Bell laboratories discovered 
SiGe as a revolutionary process 
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technology having smaller band gap than 
Si and maintains the state-of-art silicon 
processing. In SiGe, the electrical 
properties of Si are improved with Ge so 
that devices can operate more efficiently 
and provide higher speed [2].  
 
STRUCTURES OF MOSFET WITH 
DIFFERENT SUBSTRATE 
MATERIAL 
The simulated device structure of NMOS 
transistor with Si substrate material is 
shown in Figure 1. 
 
 
Fig. 1: Device Structure with Si Substrate 
[3]. 
 
The design structure for Hybrid and SiGe 
MOSFET (substrate with alloy Si0.3Ge0.7) 
is shown in Figures 2 and 3. 
 
 
Fig. 2: Hybrid MOSFET Structure [3]. 
 
 
Fig. 3: SiGe MOSFET Structure [3]. 
 
CHARACTERISTICS 
The plot of drain characteristics for Si 
based MOSFET with different 
temperature is shown in Figure 4. 
 
Fig. 4: Drain Characteristics Curve for Si 
based MOSFET with Different 
Temperature [3]. 
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The plot of transfer characteristics for Si 
based MOSFET with different 
temperature is shown in Figure 5. From 
Figures 4 and 5 we can see that drain 
current reduces with temperature. 
 
Fig. 5: Transfer Characteristics Curve for 
Si based MOSFET with Different 
Temperature [3]. 
 
The plot of drain characteristics for 
Hybrid MOSFET with different 
temperature is shown in Figure 6. For high 
drain current it shows thermal stability. 
 
Fig. 6: Drain Characteristics Curve for 
Hybrid MOSFET with Different 
Temperature [3]. 
The comparison plot of drain 
characteristics for SiGe and Si/Ge based 
MOSFET at 350K temperature is shown 
in Figure 7. From this Figure, we can see 
that SiGe based MOSFET gives improved 
performance at high temperature. 
 
 
Fig. 7: Drain Characteristics Curve for 
SiGe Comparison with Si/Ge based 
MOSFET at Temperature 350K [3]. 
 
The plot of drain characteristics for 
Hybrid MOSFET with variation in oxide 
thickness is shown in Figure 8. From this 
Figure, we can see that the drain current 
increases by decreasing the oxide layer 
thickness up to tolerable limit. 
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Fig. 8: Drain Characteristics Curve of 
Hybrid MOSFET with Variation in Oxide 
Thickness [4]. 
 
The plot of drain characteristics for 
Hybrid MOSFET with different gate oxide 
material is shown in Figure 9. From this 
Figure, we can see that the drain current 
increases by using high dielectric constant 
material like HfO2. 
 
 
Fig. 9: Drain Characteristics Curve with 
Different Gate Oxide Material [4]. 
CONCLUSION 
The authors demonstrated the beneficial 
aspects of using different substrate 
materials like SiGe and hybrid based 
MOSFET as it gives better performance 
than conventional Si MOSFET and by 
studying the variation in drain current of 
SiGe and hybrid MOSFET it is observed 
that the device can also be used in higher 
temperature applications. Also SiGe based 
MOSFET are compatible with existing 
technology and have a very bright future. 
In many applications we require high 
drain current. Then this high drain current 
can be achieved by reducing the gate 
oxide (SiO2) layer thickness up to 
threshold limit and/or replacing the SiO2 
with HfO2 layer. 
  
 REFERENCES 
1. S. Subramaniam, R.N.A. Wale, S.M. 
Joshi. Drain current models for single-
gate MOSFETs & undoped symmetric 
& asymmetric double-gate SOI 
MOSFETs and quantum mechanical 
effects: A review. International 
Journal of Engineering Science and 
Technology. 2013; 5(1): 96–105p. 
2. S Srivastava, L Maurya, V. K. 
Srivastava.  Comparative Study of 
SiGe MOSFET with single 
substrate MOSFET using visual 
TCAD. International journal of 
 
 
 
 
5 Page 1-5 © MAT Journals 2016. All Rights Reserved 
 
Journal of Power Electronics and Devices  
Volume 2 Issue 2  
Emerging Trends in Science and 
Technology (IJETST). 2014; 1: 527–
531p. 
3. A Devi, L Maurya, R Mehra. 
Temperature variation   effects in 
Si/Ge based MOSFET, hybrid 
MOSFET and SIGE MOSFET on 
simulation study. International 
Journal of Electronics,             
Electrical and Computational System 
(IJEECS). 2014; 3: 67 –72p. 
4. S Srivastava, L Maurya, V. K. 
Srivastava. Performance analysis of 
hybrid Ge-Si based MOSFET with 
different gate oxide thickness and 
material. IOSR Journal of Electrical 
and Electronics Engineering (IOSR-
JEEE).  
2014; 9: 29–32p.              
 
 
 
